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The effect of topography on vegetation and microclimate has been
investigated extensively. particularly with reference to north and
south aspects. Less attention has been given to topographic variation
of quantitative soil attributes.

The primary objective of this investigation was to determine the re-
fationship of vegetation to aspect, slope position, and soil attributes.

The equation

Vs = {{ch o, po )

s been suggested (Major, 1951 Jenny, 1941, 1958) to describe vege-
tation (v) and soil (s) parameter,
as a function of the independent variables climate (cl), organisms (o),
relief {r). parentmaterial (p).and time (1),

lthough th

tthe time of initial development

3 equation is useful in forming an approach to an in-
vestigation, the independent variables may not be ecologically inde-
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pendent (Billings. 1952) and the comiplete equation is insoluble be-
cause precise quantitative values camiol be assigned 1o all terms

enmire. 19683, In the sent mvestigation. certain soil vari-

wbles may be considered primarily as independent or dependent var-
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constant. In this investigation, climate. organisms. time. and slope

are considered 7o be controlled to the extent 1 nfluence on

the dependent variable is insignificant,
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Fig. 1. Representotive study slepes in the Hathaway soil study location looking north
teward a segment of the Dragoon Mountains. Yucca elafo is the preponderant shrub.
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RESULTS AND DISCUSSION. vecrTation: Presence data from 300
line intercepts were utilized to obtain a coefficient of interspecific as-
sociation (Cole, 1949; Hurlbert, 1969) for each possible pairing of 11
major species. Species which occurred in less than 11 % of the line in-
tercepts were excluded. All species are perennial grasses except for the
small pevennial shrub Calliondra eriophyila Benth. ( airy-duster) and
the suffraticose Croton corymbudosus Engelm. Two different plant
communities occur in the study area (g, 2). Only Bowteloua curti-
pendula (Michx.) Torr. (side-oats grama) failed to show a significant
positive association with another species.

Grass cover on NW to NE aspects (14.99,) was greater than on SE
to SWoaspects (10.99,), although there was considerably less differ-
ence in total cover (16.8 to 16,.4%). Bernardino soils generally have
greater grass cover (13.79) than Hathaway soils (12.1 %) although
the total cover (16.8 10 16.3%,) is only slightly greater.
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Boch Bouteloua chondrosioides 20.0
Bogr Bouteloua gracilis 10.0
Bohi Boutelouo hirsuta 157
Hibe  Hilario belangeri 43.0
Arsp  Aristida spp. 27.7
Boer Bouteloua eriopoda 75.0
Gaoer Calliondra eriophylla 20.7
Crco Croton corymbulosus 32.0
Trmu Tridens muticus 21.3
Trpu Tridens pulchelius 20.3
Bouteloua curtipendula (not associated) 37.7

Fig. 2, Statistically significant paositive ossociations among mojor plant species. Fre-
quency represents the percentage of 3-m intervals in which a species occurred.

The community dominated by B. eriopoda Torr. (black grama)
included the two major nongrass species and was found primarily on
SE to SW aspects. particularly on upper slopes. It was generally re-
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Tress maliest

Fig. 3 Percent plant cover far 30 intercepts as o function of ospect, slope positien, and
soil series. The inner and outer circles for each species represent lower and upper slopes,

and broken

respectively, So ne circles represent intercepts on Hathaway and Bernardine

soils, respectively, The plotted cirtle diometer is proportional to percent cover. {ntercepts

with < 0.5 % cover for o parlicular species are excluded.

stricted 1o upper slopes of Hathaway soils when it did occur on the
aspects (1 3). The commumity dominated by Hilaria
belangeri (Steud.) Nash (curly-mesquite) w primarily on
NE to NW aspects. particularly on Bernardino soils. It was generally

norther

fo

restricted to lower slopes when it did occur on Hathaway soils.

The percent plant cover of most species varies with aspect, soil se-
ries, or slope position (Fig. 3}, Several species of Aristida (three-awn)
occurred on the study area. The most common were probably A, ari-
zonica Vasey. A. longiseia Steud.. and A. pansa Woot. and Standl.
The genus was rather evenly distributed. but was more common on
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Hathaway soils. Bouteloua eriopoda was found primarily on upper
slopes and on SE to SW aspects. Upper NE to NW exposures were well
represented. bul mainly on Hathaway soils. Calliandra eriophylla was
dominant on SE to SW aspects with both soil types and slope positions
well represented. Croton corymbulosus was found on all aspects, but
somewhat more on the SE to SW, and mainly on Hathaway soils. All
aspects, but particwlarly NE to NW, were also represented by Tridens
muticus (Torr.) Nash, and almost exclusively on Hathaway soils.
T pulehellus (FLBK.) Hitch. was mainly found on SW 10 SE ex-

posures, but was not present on lower slopes. Bouteloua chondro-

stoides (HLB.K.) Benth. (spruce-top grama) was found only on Ber-
nardino soils and mainly on NW o NE a pects. B gracilis (H.13.K.)
Lag. (blue grama) was represented exclusively on NW and N expos-
Upper NE to NW aspects had
the greatest percent cover from B. hirsuta Lag. (hairy grama). par-
ticularly on Bernardino soils, Hilaria belangeri was dominant on NE
to NW exposures. but was found on Hathaway soils almost exclusively
on lower slopes. Only the lower slopes with Bernardino soils had a s1g-
nificant representation on SW to SE aspects. Bouteloua curtipendula
was ubiquitous, but was not positively associated with any other
species.

ures, and particularly on upper slope

SO1LS

Means for soil variables were plotted by aspect. slope position,
and soil series (Figs. 4 and 5) based upon 90 soil samples each from
the crust and at the 0- to 15-cm depth. Data for NE Bernardino and
SW Hathaway soils on lower slopes were unavailable hecause rep-
resentative homogeneous study sites were not found. A series of one-
way analyses of variance was performed on hoth crustal and 0- to
15-cm samples, grouping data by either aspect, slope position, or soil
series. although the unavailable data resulted in a Jess precise analysis.

Slope position—Only values for silt (F=19) from upper slopes
and clay (I'=5%) from lower slopes at the 0- to 15-cm depth and or-
ganic carbon (F=59%) from lower slope crustal samples, were sig-
nificantly greater, based upon the slope position analysis.

Aspect—Because of the more acid Bernardino soils, the pH on the
N aspect for 0- to 15-cm samples was significantly less than values
from all other aspects, while the crustal pH was significantly less than
values from all except NW, based upon Duncan’s New Multiple Range
Test at the 5% level (Li, 1964). Similar tests indicated that 15 atm
moisture retention at the 0- to 15-cm depth from the SE aspect was
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Fig. 4. Soil variables from 0- to 15-cm samples as a function of aspect, slope position,

and soil series.

significantly less than values from N and NW aspects and that values
from NW_N. and NE exposures were significantly greater than from

S and SE for organic carbon at 0- 0 15-cm. The percent gravel at 0-

to 18- was also significantly greater from the STV ae pect than from

the NW, NI and Sy

Soil series—Bernardino soils at 0- to 15-cm had significantly greater
molsture retention at 15 atm (I"=19) and clay content (I'=19% ) and
it content (F=19%). and percent
gravel content (F=19) than Hathaway soils. Crustal Bernardino soils
also had a significantly lower pH (F=19%) than Hathaway soils. but
the gravel content (F=19%)Y was significantly greater, the converse of
0- to 15-cm samples. Nitrate ( F=59Y was significantly greater from
crustal Hathaway soils.

The lower pH on Bernardino soils. particularly evident on NW to

{

significantly lower pH (=19,
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NE aspects and 3). indicates greater leaching and was prob-
ably related to the relatively low incident radiation of these exposures
during the winter rainy season. The greater clay content and moisture
refention at 15 atm on Bernardino soils indicate that more lay may be
formed from Bernardino than Ha hivway parent material and that
some of the B horizon has been included in the 0 to 13.cm sample.
Aspects from SE to SW generally had relatively low moisture reten-
Lion

nd clay content. but an mnteresting exception was a Bernardino
suit onalower slope. A combination of plant species and increased
lower slope runolf may partially account for this exception. Causes for
the lower silt content on Bernarding soils and lower slopes are un-
known, Also unknown are the ca

ses [or greater percent gravel on
s. A

Hathaway 0- 1o 15-cm samples. but the opposite on crustal samples
possible explanation may involve differences in soil formation hecause
of variation in parent material. The generally lower values on SW 1o
SE aspects for moisture retention and organic carbon. but higher gravel
content. agree with the findings of Klemmedson (1964,

ficients were obtained for soil
variables based upon 90 comparisons for each correlation {Table ISR
A positive correlation between 0- to 15-cim and crustal samples for the

same variahle was significant for moisture retention, organic carbon,

Soil correlations ——Correlation coef

and particularly for pH. but was insignificant for nitate. A signifi-
cant ne

gative correlation occurred for gravel content. No significant
correlation was found belween nitrate at 0- 1o F5-cm and any other
soil variable. Crustal nitrate was significantly correlated only with the
0- 1o 5-cm gravel and the crustal moisture retention. This is probably

indicative of the transient ::::: of soil nitrate or the difficulty of its
accurate measurement. or both, Moisture refention wis S1g :.:?::7
corvelated with all other variables except ntrate and sith The most
obvious grouping of soil variables is a high moisture retention, oreanic
carbon. clay content and crustal gravel with low pIT. sand content and

O-1o Ey-cnngravel. ' Fhe converse grouping is also ubvious.

SOHL-PEANT RELATIONS: Plant cover data from 90 line mtercepts
were correlated with soil variables from corresponding soil samples

(Table 2). Although plant cover is not an ideal nicasure of species

significance in an ecosvstem, it was considered the best t vegetation
variable available. Importance value could have been utilized. but

each iso

ted ntercept would require consideration as an individual
plant because vegetative reproduction is extensive, making a realistic
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TABLE 1

Correlation coefficients for 13 soil variables. P01 = 267 and

P05 == 205, Decimal points are omitted.
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determination of an individual plant impractical. The many (1-2 cm)
intercepts found for plants such as Hilaria belangeri. which greatly
increase relative density, are a doubtful measure of their importance
when compared to the many larger intercepts for plants such as Boute-

lowa eriopoda which result in comparatively small relative density.

In terms of the number of significant correlations found between
species plant cover and soil variables. the most important soil factors
are pH and «
grouped according to the association pattern found from the coefficiont
of interspecific association (Fig. 2). Soil-plant correlations support this

y content (Table 2). The species in Table 2 were

association. Statistically significant correlation coefficients which are
positive between species and soil variables in one assoclation are
negative in the other. or the converse. The only exceptions are silt and

wrate from the 0- 1o t5-cnu depth and crustal nitrate. Nitrate was

previously found to lack correlation with other soil variables while
silt was correlated with only three others (Table 1).

Within the range of the soil variables measured. it was concluded
that the community dominated by Bowteloua eriopoda was found pri-
marily on 0- to 15-cm soils of lower moisture retention. organic car-
bon and clay content, but higher pH, gravel. and sand content. The
converse was indicated for the community dominated by Hilaria
belangeri. Although crustal pH and organic carbon were similar to
values at the 0- to 15-cm deptly, the pattern was the opposite for crustal
gravel content. It may be concluded that the Boutelona eriopoda com-
munity was found primarily on upper Hathaway soils from SW 1o
SE aspects while the Hilaria belangeri community was found pri-
marily on Bernardino soils from NW to NE. Such a gene ralization has
limited value, however. because of the wide variation in species dis-
tributions (IFig. 3). Although factor interaction is obviously complex,
some soil variables were more lighly correlated with some species
nd crustal pH
ant cover for Bouteloun

han with others (Table 23, Changes in 0- 10 15.cm

are factors most related to the changes in

chondrosioides, B. eriopoda, and B. hirsute, however., for Hilaria be-

langeri they ave clay content and nioisture retention,

Although cident solar radiation was not measured, it is felt to be

an important cause of the variation in microc nnate, soil. and vegeta-
ton on the different aspects. Total annual direct boam solar irradiation
at 30° N latitude and 209, slope is greatest on S aspects (IFons, Bruce,
and McMasters, 1960). Exposures on the SW or SE recejve 98.9%,
NW or NE 86.5%, and N 82.59 of the average annual total for the

S aspect. These relative values vary considerably with the time of
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year. On 21 December, irradiation is still greatest on S aspects, with
SW or SE receiving 92.3%, NW or NE 55.1 %. and N only 47.3% of
S. The order is reverse on 21 June when irradiation s greatest on N
aspects with NW or NE rec 21ving 99%. SWor SE 94.3% and § 93.39,
of N. These theoretical relative values may be modified because of
‘ariation in morning and afterncon cloud cover. particularly on NE,
SE, NW. and SW aspects. Nearly all growth of perennial grasses
takes place during the summer rainy season of July, August, and part
of September (Humphrey, 1958) when the mean theorotical irradi-
ation is nearly equal on all aspects included in this investigation. Al-
though cloud cover data are not available at or near the study area,
data for Tucson, Arizona, approximately 70 mi. NW_ indicate that
afternoon exceeded morning cloud cover for July, August, and Sep-
tember by an average of 309 over a 9-year period (Sellers, 1958). It
seems fair to assume that cloud cover ig greater in the afternoon than
in the morning during the summer growing season in Tombstone also,
since the amount of summer rain is greater than in Tucson and has
the same moisture source in the Bermuda High. Although irradiation
may be greatest on NW-SW aspects during the warmest time of the
day, there is little doubt that these aspects receive less total daily irradi-
ation than NE-SE. A NW exposure in particular would be affected by
afternoon cloud cover because the sun sets near and radiates most di-
rectly there during the summer. However, many significant differ-
ences between soil variables and plant cover were found from NW-—
NE to SW-SE, rather than from NW-SW to NE-SE, indicating the
probable importance of irradiation differences other than during the
summer growing season.

The effects of grazing on species distribution were difficult 10 evaly-
ate. Hilaria belangeri may actually increase under gra ing pressure

Iy a ihie,

{Canfield. 1948). Although Opposing aspects were o
tlization by cattle was apparently heavier on the S than on the N

aspect. particularly during the Tate winter months whoen growth of
was more retarded on the N (Cumming, 1951).
However. grazing may he heavier on the N aspect following the
mer rainy season because grasses remain green longer on the N,

perennial grass

m-

Growth of perennial grasses is meonspicuous during the winter vainy
season and apparently is limited by low temperatures (Humphrey,
1958). although other factors, Including photoperiodism and low soil
moisture, may also be limiting. Hilaria belangeri and perhaps other
species in its community appear to be limited on SW 1o SE aspects
because the greater irradiation, other than during the summer rainy
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season, causes drought conditions which reach critical proportions
sooner in the arid spring or fall. The generally lower soil moisture
retention of SW to SE aspects would also tend to bring about critical
drought conditions sooner in a drying soil. When species of the H.
belangeri community were found on SW to SE aspects. they were
almost exclusively on Bernardino scils of lower slopes. Lower Ber-
nardino soils were previously shown to be significantly higher in mois-
ture retention and clay content than other SW to SE soil positions.
Lower slopes also benefit from the substantial runoff from upper
spes.and may be blocked from some carly morning or late afternoon

solar radiation by the upper slopes of an opposite aspect. Cold air
drainage may result in lower air temperatures and evapotranspiration
onjower slopes.

Leis tempting to suggest that species of the Bouteloua eriopoda com-
munity were limited on NW 1o NE aspects because they were unable

to compete with plants of the Hilaria belungeri community, but such
a contention requires further investigation,

We gratefully acknowledge the assistance of Raymond Brown in obtaining field
samples and Loel Cooper. Virginia Slate. Juanita Valenzuela, John Urquhart in
soil wnalysis. Raymond M. Turner. Kenneth G, Renard, and Willard Van Asdall
kindly reviewed the manuseript, Computer facilities were provided by the University
of Avizona Computer Center.
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